Abstract. Battery is major component of smartphone, but only selected samples are periodically examined due to numerous numbers of batteries. The Consumers are generally required the use of high energy density batteries. However, most consumers are often dissatisfied with the battery life from even the most advanced lithium-ion rechargeable batteries in mobile phone. If cracks are not detected, such a cracking mechanism could lead to unstable rupture of the battery. Up to this time, integrity evaluations are performed using conventional deterministic approaches. So it is expected that the results obtained are too conservative to perform a rational evaluation of lifetime. In this respect, a probabilistic safety assessment method is more appropriate for the assessment of overall battery safety. This paper describes failure probability estimation of the battery using fuzzy knowledge processing. Failure assessment diagram (FAD) of battery material is proposed and applied in the probabilistic analysis.
Introduction
Loads Consumers are generally required the use of high energy density batteries. However, most consumers are often dissatisfied with the battery life from even the most advanced lithium-ion rechargeable batteries in mobile phone [1] . In recent years, plastic products have become thinner and lighter and proper materials, processing technology and product technology have been developed accordingly.
Since several incidents of leaking in the battery has been experienced, significant efforts have been made to improve the battery design, material, and fabrication upgrades during the last decade. Due to the uncertainty in inspection data, conservative data are used for the integrity evaluation. For example, lower bound in fracture toughness and upper bound in stress data, crack growth rate are used. It results in, therefore, difficulty in estimating lifetime. The probabilistic approach would be a suitable way for the evaluation in taking into account the uncertainties associated with important integrity parameters, such as inspection sampling sizes, flaws distribution. Many outstanding probabilistic research works have been conducted especially for battery in the event of thermal shock. However, since the probabilistic integrity assessment of batteries requires more complicated input data, only limited studies were so far performed.
For realistic analysis failure criteria, which is more suitable for probabilistic analysis [2] , is proposed based on failure assessment diagram (FAD) [3] . In this paper, the evaluation of failure probabilities in battery considering thermal mechanism was investigated using fuzzy knowledge processing. To determine the failure of battery, FAD is applied.
Principal Algorithms
Designation of Node Density Distribution. In the present system, nodes are first generated, and then an FE mesh is built. In general, it is not so easy to well control element size for a complex geometry. A node density distribution over a whole geometry model is constructed as follows. The present system stores several local node patterns such as the pattern suitable to well capture stress concentration, the pattern to subdivided a finite domain uniformly, and the pattern to subdivide a -2015) whole domain uniformly. An user selects some of those local node patterns, depending on their analysis purposes, and designates their relative importance and where to locate them. When designers do not want any special meshing, they can adopt uniformly subdivided mesh.
Failure Criteria. Battery material has enough ductility at installation because it was made by cold-work. During operation it loses ductility due to hydride precipitation and irradiation embrittlement. Current failure criteria are unstable fracture and plastic collapse for the consideration of material behavior change. However, some test data cannot be explained by these failure criteria.
More exact failure criteria are required because no safety margin is applied in probabilistic analysis. FAD can explain these data more exactly. For the application of FAD [3] , failure parameters such as stress intensity factor (K I ), fracture toughness (K IC ), plastic collapse stress (σ c ) and applied stress (σ a ) are used. In this study the FAD is used for the consideration of material behavior change.
As shown in Fig. 2 that is FAD, straight line (box) is current failure criteria, whereas FAL is failure criteria used in this study. Current criteria cannot explain region "B" in Figure 3 . In the FAD, two data sets are displayed: one is derived from actual tensile strength and fracture toughness, and the other from mean value of tensile strength and fracture toughness. Failure assessment line (FAL) used in FAD is shown in Eqs. (1) . In order to decrease the random number effect, five independent simulations are carried and an average value is used as a result.
To check the failure criteria effect, some case studies were carried out. Probabilistic density function (PDF) [6] for each probabilistic variable assumed in this study was derived from inspection data and testing data. Details of probabilistic are shown in Table 1 . Fig. 3 shows the example of the application of this mesh generator for three-dimensional geometry.
Examples and Discussions
As shown in figure, a uniform mesh and a nonuniform mesh were connected very smoothly. The mesh consists of 10,108 tetrahedral elements and 12,442 nodes. Nodes and elements are generated in about 5 minutes and in about 2 minutes, respectively. Fig. 4 shows the protection module package (PMP) [7] of smartphone's battery. during design life. But five-year difference was observed as wall penetration criteria change as shown in Fig. 5 . When crack depth reaches to 80% of thickness, the leak probability between the local collapse and the global collapse, which is used by failure criteria, has no difference almost. In case crack depth reaches to 100% of thickness, however, analysis result of two failure criteria shows some measure difference. The leak probability is reached in allowable failure probability after 3.8 and 4.3 years, respectively. Summary A probabilistic fracture mechanics methodology which could evaluate the integrity of smart phone's battery using fuzzy knowledge processing and MC simulation was developed. Analyses about failure probability are performed using probabilistic variables taken from inspection data. It is known that the governing failure mode was leakage or plastic collapse in all cases analyzed in this study, whereas unstable fracture was governing failure mode in deterministic analysis. Also, sensitivity analyses were conducted for evaluating battery. For more realistic failure estimation FAD are applied instead of current failure criteria that explains test data more exactly. 
